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(57) ABSTRACT 

A capacity control valve that implements an accurate pres 
sure control of a valve body by preventing unwanted pres 
sures from in?uencing on the valve body and that alters the 
function of a control chamber such that the pressure Within 
the control chamber to Which a control pressure is supplied 
can quickly be modulated. In the capacity control valve, a 
valve opening joint portion Which is integral With a valve 
body can rapidly be disengaged from an engagement portion 
Which is integral With a pressure sensing device, hence a 
quick lifting of the valve body so as to modulate the capacity 
or pressure in the control chamber. Also equating, exactly or 
approximately, the seal pressure receiving area of the valve 
body to the effective pressure receiving area of the pressure 
sensing device, and further to the pressure receiving area of 
an action face, or equating, exactly or approximately, the 
seal pressure receiving area to the pressure receiving area of 
an action face, yields only a desired pressure to act on the 
valve body. 

15 Claims, 15 Drawing Sheets 
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CAPACITY CONTROL VALVE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a capacity 
control valve for variably modulating the capacity or pres 
sure of a process ?uid. More particularly, the invention 
relates to a capacity control valve Which modulates the 
capacity or pressure in a control chamber of an air 
conditioning system in a quick manner. 

2. Description of the Related Art 
There have been knoWn as a relative art of the present 

invention capacity control valves for a variable displacement 
type sWash plate compressor in an air-conditioning system. 
The relative art of the capacity control valve is illustrated in 
FIG. 15. 

In FIG. 15, a pressure sensing element 210 is disposed in 
a suction chamber 206 Which is located at the loWer end of 
a capacity control valve 200. The pressure sensing element 
210 is formed by a resilient belloWs With a biasing spring 
Which is disposed inside the belloWs and the element is 
constructed in such a Way that the upper end of the element 
moves by a contraction due to a suction pressure Ps supplied 
from an external. At the upper end of the pressure sensing 
element 210, an intermediate rod 207 is disposed in a guide 
passage of a housing 220 in an axially movable manner. 
Furthermore, a valve body 201 connected to the intermedi 
ate rod 207 is disposed in a valve hole 208, as shoWn in FIG. 
15, at the upper portion of the housing 220. Opening or 
closing motion of the valve body 201 corresponds to a 
separation or contact, respectively, of the valve body With 
the valve seat of the valve hole 208, and hence an opening 
or closing of the valve hole 208, respectively. 

The housing 220 constitutes Ps supply port, Pd discharge 
port, and Pc crank chamber supply port Wherein the Pd 
discharge port is connected to the valve hole 208 by means 
of a through communication passage 209. When the valve 
hole 208 opens, the valve hole 208 is directly connected to 
the Pc crank chamber supply port and a process ?uid is 
alloWed to a crank chamber Which is not shoWn in FIG. 15. 

Opening or closing of the valve body 201 is modulated by 
changing the set supply pressure (Ps set value) of the 
pressure sensing element 210 in accordance With the gen 
erated force of an electromagnetic solenoid coil device 202 
Which is disposed in the upper end portion of the capacity 
control valve 200, and a capacity control of the variable 
displacement compressor is achieved by modulating the 
crank pressure Pc of the crank chamber While controlling the 
?oW under the discharge pressure Pd guided to the crank 
chamber of the variable displacement compressor in accor 
dance With an opening degree of the valve body 201. 

The pressure sensing element 210 disposed in the suction 
chamber 206 has a load characteristic such that the element 
expands or contracts in accordance With the suction pressure 
Ps Within the normal use range of the suction pressure Ps. 

When no electric current is supplied to the electromag 
netic solenoid coil device 202, the valve body 201 is 
maintained at a fully open position by the urging spring 
force of a return spring 203. This fully opened position 
corresponds to a fully unloaded state. When the current is 
supplied to the solenoid coil device 202, an electromagnetic 
attractive force is generated betWeen a plunger 40 and a 
?xed iron core 205. The valve body 201 maintains its fully 
opened position, namely an insensitive Zone, until the elec 
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2 
tromagnetic force becomes larger than the opposing urging 
force of the return spring 203. 

HoWever, When the electromagnetic force becomes larger 
than the urging force of the return spring 203, the valve body 
2011 moves in a direction closing the valve, entering Ps 
control range in Which the more the coil current supply, the 
larger the valve closing force, and the loWer the Ps set value. 

In this type of capacity control valve 200, it is di?icult to 
reduce a cooling load because, in case of a great cooling 
load, the valve quickly closes due to the suction pressure Ps. 
Consequently, the compressor has to be stopped by means of 
clutch and the air-conditioning system needs to be turned 
off. 

Diameter of the connected rod varies in place, and When 
the pressure areas of the rod are subjected to the suction 
pressure Ps, discharge pressure Pd, or crank chamber supply 
pressure Pc, the balance of the forces acting on the operation 
mechanism of the rods including the valve body (according 
to the ratio of the pressure receiving area of the respective 
rod diameters) causes substantially a bad in?uence on the 
valve opening degree of the valve body 201. 

Furthermore, a variation in the crank pressure Pc due to 
the different operation modes of a compressor may cause 
uncontrollable disturbances to the suction pressure Pc. 
Therefore, an accurate current control to the electromagnetic 
solenoid coil does not help improve the capacity control 
precision of the valve according to a preset suction pressure 
Ps. 

A connection rod betWeen the pressure sensing element 
210 and the ?xed iron core 205 comprises an intermediate 
rod 207, a valve body rod 201A, and a plunger rod 204A. In 
the connection rod, a Wear of the joint portion of each rod 
causes a serious problem of the valve opening degree of the 
valve body 202. 

Performance of the connection rod betWeen the pressure 
sensing element 210 and the valve body 201 is Worsened 
With respect to the opening degree of the valve body 201 
because a Wear of the contact surface causes the total length 
of the connection rod to be shortened since each joint is 
formed by a simple contact of the tWo adjacent rods. 

This type of capacity control valve for variable displace 
ment compressors suffers from the folloWing problems due 
to the above mentioned arrangements. Primarily, the capac 
ity control valve does not alloW a quick change in the 
pressure of the control chamber. Therefore, such a variable 
displacement compressor, for instance, Will require a clutch, 
Which may result in a cost increase due to the more com 
plicated structure of the variable displacement compressor. 

Since no consideration is given in terms of the force 
balance Which is affected by the pressure areas of the valve 
body, valve body rod, intermediate rod, and so on, to each 
of Which the process ?uid exerts a corresponding pressure, 
it is hard to maintain the control accuracy of the capacity or 
pressure of the process ?uid under the control pressure. 

Furthermore, the valve operation in Which the valve body, 
valve body rod, intermediate rod and so on, are individually 
connected may cause a decrease in accuracy of the valve 
opening or closing action due to Wears of the joint portions. 
The present invention is introduced to resolve the above 

mentioned problems. A primary technical goal Which this 
invention tries to achieve is to realiZe an accurate control of 
the pressure or the capacity of the capacity control valve 
Without being affected by other pressures, and to be able to 
modify the pressure or the capacity of the capacity control 
valve as soon as an operation load exceeds a predetermined 
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value. For example, When a clutch is needed for a variable 
displacement compressor, this invention eliminates such a 
clutch from the compressor and reduces the extra cost to 
install a clutch in the variable displacement compressor. 

Another goal is to obtain a capacity control valve Wherein 
the force balance acting on the operation mechanism of the 
connection rod including the valve body is arbitrarily chosen 
and the capacity or the pressure in the control chamber is 
accurately controlled based on a predetermined suction 
pressure (Pset) Without being affected by other pressures. 

For example, When the capacity control valve is used in 
a variable displacement compressor Which is controlled by 
the suction pressure Ps, this invention enables the compres 
sor to implement an accurate control With the predetermined 
suction pressure (Ps) Without being affected by the crank 
chamber pressure (Pc) or the discharge pressure (Pd). 
A further goal is to increase a manufacturing precision 

and to reduce a production cost by constructing one integral 
piece of a pressure sensing rod. 

Yet another goal is to simplify the assembly process of the 
pressure sensing rod, the pressure sensing device and the 
valve housing, and also to improve the operation of the 
pressure sensing rod Wherein the pressure sensing rod and 
the pressure sensing device are connected before being 
assembled With the valve housing. 

SUMMARY OF THE INVENTION 

Aprimary object of the present invention is to resolve the 
above mentioned technical problems, and a solution to such 
problems is embodied as folloWs. 
A preferred embodiment of a capacity control valve 

constructed in accordance With the principles of the present 
invention is a capacity control valve for controlling the 
opening area of a valve portion for modulating the capacity 
or pressure Within a control chamber by means of a control 
pressure ?uid, the capacity control valve comprising a 
capacity chamber, a valve chamber, an action chamber, an 
action face, a valve body, a valve opening joint portion, an 
engagement portion, a pressure sensing device and a sole 
noid portion, the capacity chamber being located in the valve 
portion and connected With a second communication 
passage, the valve chamber having a valve seat for a valve 
hole connected With the capacity chamber and connected 
With a ?rst communication passage, the operation chamber 
being connected With the valve chamber and also connected 
With a detection communication passage, the action face 
being disposed inside the action chamber and having a 
pressure receiving area Which receives a suction pressure via 
the detection communication passage, the valve body being 
integral With the action face and located in the valve 
chamber in a freely movable manner and having a valve 
surface Which can be freely attached to or detached from the 
valve seat, the valve opening joint portion being integral 
With the valve body and having a pressure receiving surface, 
the engagement portion making a contact With the pressure 
surface of the valve opening joint portion and being disen 
gaged from the pressure receiving surface When the valve 
body opens, the pressure sensing device retaining the 
engagement portion, being located inside the capacity cham 
ber and urging the valve body to open by receiving the 
process ?uid pressure Within the capacity chamber, the 
solenoid portion driving a plunger Which has a solenoid rod 
connected With the valve body in an opening or closing 
direction of the valve body. 

The most preferred embodiment of the present invention 
is a capacity control valve With an ability of rapidly chang 
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4 
ing the pressure of a control chamber When a suction 
pressure Ps is used to modulate a control pressure. For 
example, there is a necessary case Wherein a solenoid 
current needs to be shut off so as to change a set value during 
the operation. A capacity control valve in accordance With 
the present invention is capable of dealing With this kind of 
situation. More speci?cally, While the valve is in action, the 
valve body not only can achieve an accurate capacity control 
or pressure control by means of Ps under a normal operation, 
but also, in case of an increased ?uid pressure load to be 
controlled, can quickly open the valve by disengaging the 
valve opening joint portion from the engagement portion 
Which is connected to the solenoid portion according to 
commands supplied from the external. 
The valve opening joint portion is located betWeen the 

pressure sensing device and the valve body and, When the 
valve body is in operation, the valve opening degree is 
determine by the contact of the valve opening joint portion 
and the engagement portion according to the force balance 
among the force given by the solenoid coil according to the 
current supplied to the solenoid, the force given by the 
pressure sensing device acted on by the process ?uid 
pressure, and the forces acted on respective faces of the 
valve body. Under this circumstance, the engagement por 
tion and the valve opening joint portion act together While 
the sliding surfaces of the engagement portion and the valve 
opening joint portion maintain a contact. The contact sur 
faces of the engagement portion and the valve opening joint 
portion located in the capacity chamber merely form a 
slidable contact When the valve body quickly opens based on 
the command given to the solenoid portion by a computer 
controller Which is not shoWn in the ?gure, and therefore a 
relative movement of the valve opening joint portion in a 
direction opening the valve can be easily transmitted by the 
engagement portion. As a consequence, a quick opening of 
the valve body induces the controlled process ?uid to 
quickly discharge to the control chamber, and thus a modu 
lation of the capacityW or pressure value Within the control 
chamber to a desired value Will be made possible. 

DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross sectional vieW of a capacity control valve 
as a ?rst preferred embodiment relative to the present 
invention, and 

FIG. 2 is an enlarged sectional vieW of the valve portion 
shoWn in FIG. 1; 

FIG. 3 is a cross sectional vieW of the capacity control 
valve in its open position shoWn in FIG. 1, FIG. 4 and FIG. 
5.; 

FIG. 4 is a cross sectional vieW of a capacity control valve 
as a second preferred embodiment relative to the present 
invention; 

FIG. 5 is a cross sectional vieW of a capacity control valve 
as a third preferred embodiment relative to the present 
invention; 

FIG. 6 is a cross sectional vieW shoWing the pipe arrange 
ment betWeen a variable displacement compressor and a 
capacity control valve relative to the present invention; 

FIG. 7 is a cross sectional vieW of the valve portion of a 
capacity control valve as a fourth preferred embodiment 
relative to the present invention; 

FIG. 8 is a cross sectional vieW of the valve portion of a 
capacity control valve as a ?fth preferred embodiment 
relative to the present invention; 

FIG. 9 is a cross sectional vieW of the valve portion of a 
capacity control valve as a sixth preferred embodiment 
relative to the present invention; 
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FIG. 10 is a cross sectional vieW of a capacity control 
valve as a seventh preferred embodiment relative to the 

present invention; 
FIG. 11 is an enlarged sectional vieW of the valve portion 

of the capacity control valve shoWn in FIG. 10; 
FIG. 12 is a cross sectional vieW of a capacity control 

valve as an eighth preferred embodiment relative to the 
present invention; 

FIG. 13 is an enlarged sectional vieW of the valve portion 
of the capacity control valve shoWn in FIG. 12; 

FIG. 14 is a cross sectional vieW of a capacity control 
valve as an ninth preferred embodiment relative to the 
present invention, and 

FIG. 15 is a cross sectional vieW of the capacity control 
valve for a variable displacement compressor relative to the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Described beloW is details of the ?gures of preferred 
embodiments of a capacity control valve constructed in 
accordance With the principles of the present invention. All 
the ?gures explained beloW are constructed according to 
actual design draWings With accurate dimensional relations. 

FIG. 1 shoWs a cross sectional vieW of a capacity control 
valve according to a ?rst embodiment of the present inven 
tion. 

In FIG. 1 and FIG. 2, 1 signi?es a capacity control valve. 
A valve housing 2 forms an outer shape of the capacity 
control valve. This valve housing 2 comprises a ?rst valve 
housing 2A and a second valve housing 2B. The ?rst valve 
housing 2A has a through hole Within Which functions are 
contained. The ?rst valve housing 2A and the second valve 
housing 2B constitute an integral piece by the second valve 
housing 2B being ?tted over the one end of the ?rst valve 
housing 2A. The ?rst valve housing 2A is made of metals 
such as steel, aluminum, stainless or plastic materials. Also 
the second valve housing 2B is made of magnetic materials 
such as steel. 

In the ?rst valve housing 2A, connected With the one end 
of the through hole is a separation adjusting portion 3. The 
second valve housing 2B is disposed separately from the 
?rst valve housing 2A due to different functional purposes 
and materials to be used, that is, the second valve housing 
2B needs to be magnetic as Well as be connected With the 
solenoid portion 40. Shapes and forms shoWn in FIG. 1 may 
be modi?ed as long as this caution is taken into consider 
ation. 

Also the separation adjusting portion 3 sealingly ?ts the 
?rst valve housing 2A so as to block the capacity chamber 
4, and tightly ?xing by means of screW thread enables it to 
adjust a spring force in an axial direction of the belloWs 22 
or a compressive spring, not shoWn in the ?gure, disposed in 
parallel to the belloWs 22. 

Aportion of the through hole axially disposed Within the 
?rst valve housing 2A constitutes the capacity chamber 4 at 
one end. In the through hole, the capacity chamber is 
adj acently and directly connected to a valve hole 5 Which is 
smaller in diameter than that of the capacity chamber. 
Furthermore, another portion of the through hole constitutes 
a valve chamber 6 Which communicates With the valve hole 
5 and is larger in diameter than that of the valve hole 5. Yet 
another portion of the through hole constitutes an action 
chamber 7 Which communicates With the valve chamber 6. 
Also at the valve hole 5 of the valve chamber 6 is disposed 
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6 
a valve seat 6A. The pro?le of the valve seat 6A forms a 
tapered surface toWard the valve hole 5, and When the valve 
face 21A makes a contact With the tapered surface of the 
valve seat 6A, a resultant narroW contact Width leads to an 
improved sealing performance. 
A ?rst communication passage 8 is disposed in the valve 

chamber 6 of the valve housing 2. The ?rst communication 
passage 8 may be directly connected to the process ?uid 
under a control pressure Pd of pneumatic machinery 
(external) Which is not shoWn in the ?gure, for example, to 
the ?uid under a discharge pressure (control pressure) Pd of 
a variable displacement compressor. 

In addition, in the action chamber 7 of the valve housing 
2 is located a detection communication passage 10 to alloW 
a ?uid of external suction pressure Ps. This action chamber 
7 is made slightly larger in diameter than the valve chamber 
6 so that the suction pressure Ps can act on an action face 23 
Which is located at the end of the valve body 21 Within the 
large diameter surface. The inner surface of the valve 
housing 2 located in the side of the valve chamber 6 relative 
to the large diameter surface constitutes a sliding surface 7A 
so that the surface is sealingly slidable against the valve 
body 21. 

The sliding surface 7A may simply ?t the valve body 21, 
but a sealing means may be used instead although not shoWn 
in the ?gure. This sealing means is made of a material With 
a loW friction coef?cient. For example, this sealing means 
may be a sealing ?lm Wherein a ?uoric resin ?lm is coated 
over the sliding surface 7A, a loW friction rubber material, 
or an O-ring made of ?uoric resin. Outer diameter surface of 
the valve body 21 may be sealingly supported With a ?uoric 
resin O-ring in a slidable manner so as to improve the 
response of a pressure sensing rod 20 as a Whole. The action 
face 23 is located in the back face of the valve body 21 in 
the ?gure, but such an arrangement may be arbitrary. Also it 
is possible to combine the action chamber 7 With the valve 
chamber 6 to de?ne an integral valve chamber 6. 

In the capacity chamber 4 is disposed a second commu 
nication passage 9 to discharge the ?uid delivered into the 
capacity chamber 4 under the control pressure Pd to a 
control chamber (for example, crank chamber) Which does 
not appear in the ?gure. The ?rst communication passage 8, 
the second communication passage 9 and the detection 
communication passage 10 radially extend to the outer 
diameter surface of the valve housing 2 in concentrically and 
tWo or four equally spaced apart manner. 

Contrarily, the ?uid under the control pressure Pd can be 
inducted from the second communication passage 9 to the 
?rst communication passage 8 if needed. Recon?guration of 
those passages can be made possible by a method Wherein 
the control chamber pressure Pc acting on an effective 
pressure receiving area Ab of the pressure sensing device 22 
and the control pressure Pd acting on the seal pressure 
receiving area As of the valve body 21 mutually offset With 
each other because at least tWo of the three pressure receiv 
ing areas are fabricated to approximately an equal amount, 
namely, the effective pressure receiving area Ab of the 
pressure sensing device 22, the seal pressure receiving area 
As of the valve body 21 and the pressure receiving area Ar2 
of the action face 23 of the valve body 21. 
The above mentioned arrangement change of the respec 

tive communication passages does not affect a variety of 
merits provided by the present invention. Therefore, if there 
is a problem as to Where to install a pneumatic device such 
as a variable displacement compressor, a design change or 
reselection of an installation place can be easily done. 
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Furthermore, the outer diameter surface of the valve 
housing 2 consists of four step shoulder surfaces. On the 
outer circumferential surfaces of these four step shoulder 
surfaces are disposed three annular grooves 46 for disposing 
O-rings. In each annular groove 46, an O-ring 47 is installed 
in order to seal betWeen the valve housing 2 and the ?tting 
bore of a casing, not shoWn in the ?gure, Which ?ts the valve 
housing 2. 

In the capacity chamber 4 is located a pressure sensing 
device 22. In the pressure sensing device 22, one end of the 
metal belloWs 22A is sealingly connected With the separa 
tion adjuster portion 3 While the other end With the base 
portion 22P (integral With the engagement portion 22B). The 
belloWs 22A is made of phosphorous bronZe or a similar 
material and its spring coef?cient is chosen to have a desired 
value. A coil spring not shoWn in the ?gure may be disposed 
either inside or outside the belloWs 22A so as to act together 
With the biasing force of the belloWs 22A. 

The pressure sensing device 22 is designed such that the 
device eXpands or contracts according to the relative rela 
tionship betWeen the spring force of the pressure sensing 
device 22 Within the capacity chamber 4 and either the 
control pressure Pd or the control chamber pressure Pc. 
Internal space of the pressure sensing device 22 is kept 
vacuum or ?lled With air, and the pressure sensing device 22 
is constructed in such a Way that the pressure sensing device 
22 contracts When the control pressure Pd or the control 
chamber pressure Pc acts on the effective pressure receiving 
area Ab of the belloWs 22A. 

As shoWn in FIG. 2, the cylindrical engagement portion 
22B is disposed at one end of the pressure sensing device 22. 
Inside the cylindrical inner surface of the engagement por 
tion 22B is located a guide surface 22C While a seat face 22D 
is disposed at the end of the cylindrical surface. 

The valve body 21 has a valve opening joint portion 30 at 
one end Wherein the valve opening joint portion 30 ?ts the 
guide surface 22C in a slidable manner. Outer surface of the 
valve opening joint portion 30 constitutes a sliding surface 
30B. The sliding surface 30B constitutes a pressure receiv 
ing area of a cross sectional area Ar1. The sliding surface 
30B also forms a sealingly slidable contact With the guide 
surface 22C. Furthermore, a pressure receiving area 30D is 
located at the end face of the valve opening joint portion 30. 
The pressure receiving area 30D forms a joint connection 
With the seat face 22D. 

And the pressure receiving surface 30D is constituted 
such that the surface 30D disengages from the seat face 22D 
When the valve body opens quickly. Within the mating 
surface formed by the sliding surface 30B and the guide 
surface 22C, an open chamber 30A is located betWeen the 
valve opening joint portion 30 and the engagement potion 
22B. 

Inside the valve opening joint portion 30 is located a 
tapered opening passage 30A, and a second spring biasing 
means 33 is disposed betWeen the upper potion of the valve 
opening joint portion 30 as shoWn in the ?gure and the 
concave surface Which is a portion of the seat face 22D of 
the engagement portion 22B so that the spring biasing means 
33 gives an urging force in a direction opening the open 
chamber 32. 

Furthermore, in the opposite side to the pressure receiving 
surface 30D, the valve opening joint portion 30 retains a 
connecting portion 31 Which protrudes into the valve hole 5 
and forms a ?tting surface 30C in the inner circumferential 
surface. The ?tting surface 30C ?ts the reduced portion 21B 
of the valve body 21. 
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8 
Also in the center of the valve body 21 is located a open 

passage 26 to communicate from the open chamber 32 via 
the open passage 30A to the action chamber 7 and the 
detection communication passage 10. The open passage 26 
prevents the open chamber 32 from falling in a negative 
pressure. 
Even When a ?uid pressure Within the capacity chamber 

4 acts on the valve opening joint portion 30, the open 
passage 26 can introduce a ?uid pressure into the open 
chamber 32 Which overcomes the force eXerted to the valve 
opening joint portion 30. Therefore, the valve opening joint 
portion 30 is forced to instantly disengage from the engage 
ment portion 22B so as to quickly open the valve body 21. 
The valve body 21 and the valve opening joint portion 30 

are divided so that both can be assembled into the valve hole 
5 of the valve housing 2, but the valve body 21 and the valve 
opening joint portion 30 may be integrated to one piece if 
necessary. 
The outer diameter of the connection portion 31 is made 

smaller than the diameter of the valve hole 5, and a clearance 
is formed betWeen the valve hole 5 and the connection 
portion 31 such that a process ?uid can ?oW through the 
clearance. 
As shoWn in FIG. 1 or FIG. 2, the valve body 21 

connected With the valve opening joint portion 30 is located 
Within the valve chamber 6. The valve body 21 retains a 
valve face 21A Which contacts the valve seat 6A. The area 
of the circle formed by the valve face 21A being in contact 
With the valve seat 6A de?nes a seal pressure receiving area 
As. 

The valve seat 6A and the valve face 21A may be 
constructed so as to form a planar contact When both contact 
With each other. HoWever, it is knoWn that having a tapered 
surface on either the valve seat 6A or the entire surface on 
the side of the valve seat 6A of the valve chamber 6 is more 
desirable for a high seal performance and a good contact. 
The seal pressure receiving area As of the valve face 21A is 
chosen to be equal or nearly equal to the effective pressure 
receiving area Ab of the pressure sensing device 22. 
Ar2 is de?ned by the area of the action face 23 of the 

valve body 21 on Which the process ?uid acts. The outer 
diameter of the valve body 21 is nearly equal to the inner 
diameter of the valve chamber 6, and the valve body 21 ?ts 
the valve chamber 6 in a slidable manner. 

If the engagement of the valve body 21 With the valve 
chamber 6 or the sliding surface 7A of the action chamber 
7 is secure enough to prevent the ?uid under the suction 
pressure Ps from leaking, other kind of minor leakage may 
be tolerated. Therefore, a seal such as O-ring is not needed 
therebetWeen. 
The connecting portion of the valve chamber 6 and the 

?rst communication passage 8 is shaped to be an annular 
groove for an easy in?oW of the control pressure (discharge 
pressure) Pd. And the pressure receiving area Ar2 of the 
action face 23, the seal pressure receiving area As of the 
valve face 21A and the effective pressure receiving area Ab 
are arranged equal or nearly equal to each other. Also in this 
?rst embodiment, it is not necessary to keep equal the 
effective pressure receiving area Ab and the pressure receiv 
ing area Ar2 of the action face 23 on Which the suction 
pressure Ps acts. 

The action chamber 7 is made slightly larger in diameter 
than the outer shape of the valve body 21 such that the ?uid 
under the suction pressure Ps from the detection communi 
cation passage 10 can smoothly ?oW into the action chamber 
7. The action chamber 7 may be eliminated, by leaving the 


























